Background
==========

Anterior cervical interbody fusion is widely used for decompression and fusion in patients who have severe cervical spondylosis myelopathy and intervertebral disc herniation \[[@b1-medscimonit-26-e924236],[@b2-medscimonit-26-e924236]\] Postoperative complications (postoperative subsidence and non-fusion) have attracted increasing attention \[[@b3-medscimonit-26-e924236]--[@b5-medscimonit-26-e924236]\]. There now exist many types of cervical interbody fusion devices, classified as transverse cylindrical structure (BAK-C Cage and Inter Fix Cage) and stand/vertical annular (AcroMed I/F Cage, SynCage, and Wing Cage). Cadaver and *in vivo* experiments showed that the vertical ring fusions have a lower postoperative subsidence rate and were conducive to fusion compared with the horizontal cylindrical ones \[[@b6-medscimonit-26-e924236]--[@b9-medscimonit-26-e924236]\]. Oliver et al. showed that ACPC resulted in reduced rates of subsidence, increasing rates of fusion, and lower rates of neck pain at last follow-up \[[@b10-medscimonit-26-e924236]\]. Moreover, Fernandez-Fairen et al. reported that the cages with plating were still in good condition at 11-years follow-up postoperatively \[[@b11-medscimonit-26-e924236]\]. Use of fusion cages and plates with screws can promote fusion \[[@b12-medscimonit-26-e924236]\]. Kettler et al. found that fusion device design greatly affects the subsidence rate \[[@b13-medscimonit-26-e924236]\]. The vertical ring-shaped cage is now regarded as the most reasonable design \[[@b14-medscimonit-26-e924236]\]. However, further research is needed to determine how fusion cage design influences postoperative outcomes.

The cage design in this study was guided by the concept of bionics, which is an interdisciplinary subject taking various scientific ideas and engineering solutions from nature. Bionics is divided into several categories: structural bionics \[[@b15-medscimonit-26-e924236]\], mechanical bionics \[[@b16-medscimonit-26-e924236]\], control bionics \[[@b17-medscimonit-26-e924236]\], and information bionics \[[@b18-medscimonit-26-e924236]\]. The human cervical intervertebral disc is an indigenous component that can be used as a natural bionic prototype. The discs contain 2 different structural elements -- the annulus fibrous and the nucleus pulposus. From the viewpoint of material mechanics, the annulus fibrous is flexible protein, and the nucleus pulposus is a gelatinous solid that is always regarded as an impressible material \[[@b19-medscimonit-26-e924236],[@b20-medscimonit-26-e924236]\]. Cages designed using hard materials such as titanium/titanium alloy/PEEK provide sufficient mechanical support but have less flexibility compared with human tissue. To mimic the real annulus fibrous and nucleus pulposus, a design was developed with side slotting of the titanium cage, called bionic structure, so the cage can remain flexible during structural change/modification without adding any new materials.

The research techniques applied in this study including the experimental optimization design method and the finite element (FE) method. The experimental optimization design method, such as orthogonal experimental optimization (Taguchi method), can simplify and standardize the fractional factorial experimental design, which had been applied to prosthetic design optimization \[[@b21-medscimonit-26-e924236]--[@b24-medscimonit-26-e924236]\]. The finite element analysis method has been widely used to simulate the various situations of the optimization design of cages \[[@b23-medscimonit-26-e924236],[@b24-medscimonit-26-e924236]\].

In the present study, we designed a bionic structure and then used the optimization design method to determine the optimal structural size based on the FE model. Firstly, based on previous studies, we made some improvement in the structural design of cages and focused on factors that change the influence of the cage bionic structures on the inner stress responses of endplates. Secondly, quadratic universal rotation design \[[@b25-medscimonit-26-e924236]\], which is a regression optimization design analysis method, was used to optimize the cervical cage size.

Material and Methods
====================

Model generation
----------------

This study was follow-up research of a previous study of the influence of shape changes of cervical cages on the biomechanical properties of ACPC \[[@b26-medscimonit-26-e924236]\]. The previous C5--C6 FE model with fixed plate and screw was used. The model's vertebral parts included cortical bone, cancellous bone, endplates, and posterior structure. Seven ligaments were built anatomically: an anterior longitudinal ligament, a posterior longitudinal ligament, a ligament flavum, a supraspinous ligament, an interspinous ligament, a transverse ligament, and a capsular ligament. The intervertebral disc contained the nucleus pulposus and annulus fibrosus. The model's material properties -- vertebra, ligaments, and annulus fibrosus -- were derived from existing literature \[[@b27-medscimonit-26-e924236]--[@b29-medscimonit-26-e924236]\] ([Table 1](#t1-medscimonit-26-e924236){ref-type="table"}). The nucleus is considered as incompressible solid elements whose volume is one-third that of the disc volume \[[@b30-medscimonit-26-e924236]\]. The facet joints were assigned as a frictionless surface to surface contact property, as previously reported \[[@b27-medscimonit-26-e924236],[@b31-medscimonit-26-e924236]\].

The cervical cage was modeled and implanted to mimic the ACPC approach. The materials for cage and fixing system were titanium alloy with a Young's modulus of 100 GPa and Poisson's ratio of 0.30 \[[@b32-medscimonit-26-e924236]\]. The bone graft material was set as cancellous bone with a Young's modulus of 3.5G Pa and Poisson' ratio of 0.30 \[[@b33-medscimonit-26-e924236]\]. The tie contact properties were assigned between C5--C6 FE model and designed cages. A uniform compressive force of 52.5 N was axially exerted on the vertebrae of C5, which imitated the gravity of the head, and a torque of 1.8 Nm was exerted to mimic the bending motion mode, while most of the nodes at the bottom of C6 were completely constrained **(**[Figure 1](#f1-medscimonit-26-e924236){ref-type="fig"}). In the middle of the cage along the superior-inferior direction, there is a groove intended to mimic the cage's stiffness change in the same direction, and the specific dimensional design is shown in [Figure 2](#f2-medscimonit-26-e924236){ref-type="fig"}.

Procedures of the optimization method
-------------------------------------

### Building the objective function

The purpose of cervical cage optimization is to find the best combination of cage parameters to obtain the lowest stress on the endplate to reduce the subsidence rate. Because the material property of human bones has been shown to be elastoplastic \[[@b34-medscimonit-26-e924236]\], Von Mises stress was used to analyze FE simulation output aiming to reveal the stress state of the bones and compare the cage subsidence tendencies \[[@b35-medscimonit-26-e924236]\].

### Determining controlling factors and levels

Three key controlling factors of the cage structural dimensions were considered: the distance between the center of cage and center of the groove (represented as *s*), the width of groove (represented as *b*), and the depth of the groove (represented as *h*) ([Figure 2](#f2-medscimonit-26-e924236){ref-type="fig"}). *Z~i~* (*i*=1, 2, 3) refers to the 3 factors: s (*z*~1~), b (*z*~2~), and h (*z*~3~), respectively. Among them, the positive/negative of factor *z1* represented that the center of a groove located above/below the center of the cage. These factors, levels, and coded formula are shown in [Table 2](#t2-medscimonit-26-e924236){ref-type="table"}.

The experimental points calculation was based on the [formula (1](#fd1-medscimonit-26-e924236){ref-type="disp-formula"}--[3)](#fd3-medscimonit-26-e924236){ref-type="disp-formula"}:
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*p* represents the number of the factors, p=3 in this study; *m*~c~ represents the two-levels for all factors full experimental point number, *m*~c~=2*^p^*=8 and *m*~r~ represents the asterisk points distributed on the coordinate axes whose number is p, *m*~r~=2*^p^*=6. *r* denotes the asterisk arm length, which represents the distance between asterisk points and the center point. r is the undetermined parameter, used to obtain the orthogonality and rotational property; it can be determined using the [formula (3)](#fd3-medscimonit-26-e924236){ref-type="disp-formula"}.

From the above, we can get: *m*~c~=8, *m*~r~=6, *r*=16818. According to the parameter design table, we can get: *m*~0~=6, *m*~0~ represents the experimental points when each factor was set as zero levels. From the above, the experiments' total number N can be determined using the [equation (4)](#fd4-medscimonit-26-e924236){ref-type="disp-formula"}:

N

=

m

c

\+

m

r

\+

m

0

=

20

The experimental scheme design is shown in [Table 3](#t3-medscimonit-26-e924236){ref-type="table"}, and the simulation models were established according to this plan.

### Performing experiments based on experimental conditions

Different FE models were generated through parametrically setting the controllable factors. The test was conducted based on the 15 FE models. The maximum Von Mises stress on the C5 inferior and C6 superior endplates of each model was collected and compared to define the optimal structural dimensional parameters of cage.

The quadratic rotation regression analysis design method
--------------------------------------------------------

The stress responses of all bionic optimal experimental tests were used for the regression analysis.

For the p-dimensional factor space, the regression equation is assumed as:
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### Regression coefficient analysis

When calculating the regression coefficient of quadratic rotation design, the formula is based on:
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### The significance test of the regression equation

In the significance test to the regression equation, we assume that *y~1~*, *y~2~*, ..., *y~i~* ..., *yN* are experimental data of quadratic rotation design, thus the sum of the deviation squares and degree of freedom is:
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The significance test and the lack of fit test of the regression formula still use the F test as follows:
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The regression coefficient test using the *t* test is as follows:
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In this formula, the value of F can be obtained from [formula (19)](#fd19-medscimonit-26-e924236){ref-type="disp-formula"} or referring to [Table 4](#t4-medscimonit-26-e924236){ref-type="table"}. If the regression equation matches, use *S~R~/f~R~* for *S~e~/f~e~* in [formula (19)](#fd19-medscimonit-26-e924236){ref-type="disp-formula"} for the regression coefficient *t* test. The K, E, G can be calculated from [formula (7)](#fd7-medscimonit-26-e924236){ref-type="disp-formula"} or directly looked up from [Table 4](#t4-medscimonit-26-e924236){ref-type="table"}.

The significance of each item of the regression equations on the test index were tested by the *t* test:
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If t(*f~e~*) \>*t~a~*(*f~e~*), the regression item tested can be considered as significant at the level α, and vice versa:
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Results
=======

The optimization design simulation results
------------------------------------------

The values of all the results according to the quadratic rotation design layout were obtained. Fortunately, stress responses distributing at the endplates of bionic structural cages' simulation results were all lower than before ([Figure 3](#f3-medscimonit-26-e924236){ref-type="fig"}).

### Regression coefficient analysis

According to formulas ([6](#fd6-medscimonit-26-e924236){ref-type="disp-formula"}) and ([7](#fd7-medscimonit-26-e924236){ref-type="disp-formula"}), we calculated the regression coefficients. The value of F, K, E, G were obtained using [Table 4](#t4-medscimonit-26-e924236){ref-type="table"}. We calculated the regression coefficient such as *b~0~*, *b~jj~* as follows:
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The calculation results of the above regression coefficients are listed in [Table 5](#t5-medscimonit-26-e924236){ref-type="table"}.

Among these coefficients, the values of *x*~1~*x*~2~ and *x*~2~*x*~3~ are close to zero and can be neglected. Then, the regression equation can be simplified as follows:
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### The significance test of the regression equation

Before the significance analysis, various squares sum of deviations and degree of freedom are calculated as follows according to [formula (8](#fd8-medscimonit-26-e924236){ref-type="disp-formula"}--[17)](#fd17-medscimonit-26-e924236){ref-type="disp-formula"}:
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The significance test of the regression formula used the F test, carried out according to [formula (18)](#fd18-medscimonit-26-e924236){ref-type="disp-formula"} and [(19)](#fd19-medscimonit-26-e924236){ref-type="disp-formula"} as follows:
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Thus, the regression equation did not lose quasi:
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However, the regression equation is not significant.

Among them, *σ*^2^ = *S~R~*/*f~R~*=0.0054/10=0.00054..

The *t* test results are listed in [Table 5](#t5-medscimonit-26-e924236){ref-type="table"}. The items of *b*~1~, *b*~2~, *b*~3~, $b_{3}^{2}$ have significant effects on different degrees. To obtain the lower stress response of the endplate, the factors which have a significant effect were put into the equation, so the regression equation can be described as follows:
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According to the relationship formula between *z*~1~, *z*~2~, *z*~3~ and *x*~1~, *x*~2~, *x*~3~, the *x*~1~, *x*~2~, *x*~3~ are all replaced using *z*~1~, *z*~2~, *z*~3~, the equation could be changed as:
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To ensure the formation of the groove structure, the width of the groove and the location of the groove should meet the condition as equation as follows, namely $2.5 - ( \mid s \mid + \frac{b}{2}) \geq 0.5$, namley $\mid s \mid + \frac{b}{2} \leq 2$.

The depth of the groove is relative to the radius of the cage itself and the radius of center opening. The radius of the cage was 6.5 mm, the radius of the center opening was 2.5 mm. Thus, after processing groove structure, the thickness of cage (*h*′) radially should not less than 1 mm to ensure the cage's minimum size. Specifically, *h*′=6.5−2.5−*h* ≥1, thus the groove should meet 0≤ *h* ≤3.

From the discussion above, the groove size optimum problem can be represented using the following equations:
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From the regression equation, the stress response of endplate is positively correlated to the s, the larger of value of s, the larger of stress response of endplate; the stress response of endplate is negatively correlated to the value of b and h, the larger of the value of b or h, the smaller of stress response of endplate. According to the equation (28), the optimum structural size parameters for minimum stress response of endplate were s=0 mm, b=4 mm, h=3 mm, respectively, and the minimum stress response of endplate was 2.1147 MPa. In order to validate the regression results, the cage designed using the size of the optimum parameter was simulated under the same boundary and loading condition with the others, and the endplate's stress response obtained from the simulation was 1.90527 Mpa, which was lower than the value calculated by the regression equation. Moreover, the stress response of endplate has decreased by 22.58% compared with the original one. The stress distribution on endplates, cages, bone grafts, and cancellous and cortical bone of C5 and C6 for the original cage and optimum structural cage were contrasted ([Figures 4](#f4-medscimonit-26-e924236){ref-type="fig"}, [5](#f5-medscimonit-26-e924236){ref-type="fig"}).

Discussion
==========

In this study, a cage with bionic structure was designed and optimized. As a result, the front view of the bionic structural cage is I-shaped. Because a previous study demonstrated that the contact area between cages and the endplates influenced the stress of endplates \[[@b24-medscimonit-26-e924236]\], in the present study, the same surface area of all cages with bionic structure was set to weaken the influence of cage surface area. Optimization was carried out based on the experimental optimum design idea \[[@b25-medscimonit-26-e924236]\]. Testing with only 20 runs using the regression analysis method reduces the test number and improves the efficiency of exploring optimization parameters.

In addition, the relationship between the 3 structural size parameters of the cervical cage and the end plate stress was proved using regression analysis theory. The results showed that a cage with a lower distance between the center of the cage and groove and higher depth and width of the groove produced a lower stress response on the endplate. According to the simulation results, the regression formula showed that all the structural factors demonstrated in this work took part in influencing the stress responses of endplates. Furthermore, the results show that the optimization target changes linearly with the change of factors. The distance between the center of the cage and groove has a positive effect on the stress response of the endplate; nevertheless, both the depth and width of the groove have negative effects.

To understand the influence mechanism of the structural design compared to the original one, the stress distribution was compared in [Figures 4](#f4-medscimonit-26-e924236){ref-type="fig"} and [5](#f5-medscimonit-26-e924236){ref-type="fig"}. As shown in [Figure 4](#f4-medscimonit-26-e924236){ref-type="fig"}, the stresses distributed on the endplates was smaller and more uniform, which directly resist the occurrence of subsidence. [Figure 5](#f5-medscimonit-26-e924236){ref-type="fig"} showed that the new optimized structural cage changed the stress distribution state on the adjacent tissues. The stress was distributed mainly on the edge of the superior-inferior surfaces of vertebra of the original cage design, but it was mainly distributed on the center of the vertebra of the optimized design. This was conductive to the promotion of the cage's subsidence-resistance. In short, when using 3 variables that vary within a certain range for experimental design, a regression analysis method can be effectively used to explore the relationship between these structural parameters and the target stress response. In addition, the experimental optimization design method can improve the consistency of experimental design and analysis and can reduce the experimental time and cost. Because there are many products or processes in the field of biomechanics that require optimal implementation, regression analysis methods could make a huge contribution.

This study has some limitations. The model established in this study sets the material properties of vertebrae, bone grafts, and cages to be isotropic linear. Furthermore, the screws were set as solid cylinders in combination with vertebrae and plates, and the screw threads were not modeled in the analysis \[[@b36-medscimonit-26-e924236]\]. Theoretically, by keeping the test conditions of all the surgical models consistent, the results obtained from the FE analysis can be taken as an effective method to demonstrate the biomechanical properties related to the bionic structure design of the cervical anterior surgical cage.

Conclusions
===========

In the study, the influence of bionic structural design of cervical intervertebral cage on the postoperative effects was investigated. The simulation results showed that cages with bionic structure design could effectively decrease the stress response of endplate, which improved the subsistence property. By using secondary rotation regression optimization design and analysis method, the regression equations were developed between stress responses of endplate and the structural sized parameters. Furthermore, the equation could significantly predict the value of the optimum object (the stress response of endplate) through significance analysis of the equation. The simulation model established using the cage with optimization parameters calculated the stress response of endplate matched well with the prediction of the regression equation. Our results suggest that the optimization method has great potential application in the biomechanical engineering field.
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![The C5--C6 FE model with cage implantation and its boundary and loading condition. A uniform compression force of 52.5 N mimicking the gravity of head, and a moment of 1.8 Nm mimicking the flexion motion pattern was exerted on the vertebrae of C5, while the nodes at the bottom of C6 were completely constrained.](medscimonit-26-e924236-g001){#f1-medscimonit-26-e924236}

![Schematic diagram of cervical cage's structural dimensions. H -- Distance from the superior and inferior edge; s -- Distance between the center of cage and center of groove; h -- Depth of the groove; b -- Width of the groove.](medscimonit-26-e924236-g002){#f2-medscimonit-26-e924236}

![The comparison between Von Mises stresses of the original structural cage (the black dotted line) and bionic structural ones using quadratic rotation design (the blue polyline).](medscimonit-26-e924236-g003){#f3-medscimonit-26-e924236}

![The stress distribution on endplates, cages, and bone grafts for original cage and optimum structural one.](medscimonit-26-e924236-g004){#f4-medscimonit-26-e924236}

![The stress distribution on cancellous and cortical bone of C5 and C6 for the original cage and optimum structural one.](medscimonit-26-e924236-g005){#f5-medscimonit-26-e924236}

###### 

The material properties \[[@b23-medscimonit-26-e924236]--[@b25-medscimonit-26-e924236]\] set in the C5--C6 FE model.

  Component                         Element type   Density (Ton/mm^3^)   Young's modulus (MPa)   Poissson's ratio   Cross-section area (mm^2^)
  --------------------------------- -------------- --------------------- ----------------------- ------------------ ----------------------------
  Cortical bone                     Trilateral     1.83E-09              12000.0                 0.29               --
  Cancellous bone                   Tetrahedral    1.00E-09              450.0                   0.29               --
  posterior structure               Tetrahedral    1.83E-09              3500.0                  0.29               --
  Annulus                           Tetrahedral    1.20E-09              3.4                     0.40               --
  Nucleus                           Tetrahedral    1.36E-09              1.0                     0.49               --
  Endplate                          Trilateral     1.83E-09              12000.0                 0.29               --
  Anterior Longitudinal ligament    Truss          1.10E-09              30.0                    0.40               6.1
  Posterior longitudinal ligament   Truss          1.10E-09              20.0                    0.40               5.4
  Ligamentum flavum                 Truss          1.10E-09              10.0                    0.40               50.1
  Supraspinous ligament             Truss          1.10E-09              1.5                     0.40               13.1
  Interspinous ligament             Truss          1.10E-09              10.0                    0.40               13.1
  Capsular ligament                 Truss          1.10E-09              10.0                    0.40               46.6
  Transverse ligament               Truss          1.10E-09              20.0                    0.40               15.0

###### 

Factor level coding table.

  x~j~(z~j~)                                    z~1~/mm                               z^2^/mm                                  z~3~/mm
  --------------------------------------------- ------------------------------------- ---------------------------------------- ---------------------------------------
  R(z~2j~)                                      1                                     2                                        2.5
  1(z~0j~+Δ~j~)                                 0.595                                 1.696                                    2.095
  0(z~0j~)                                      0                                     1.25                                     1.5
  −1(z~0j~−Δ~j~)                                −0.595                                0.804                                    0.905
  −r(z~1j~)                                     −1                                    0.5                                      0.5
  $\Delta_{j} = \frac{z_{2j} - z_{1j}}{2r}$     0.595                                 0.446                                    0.595
  $x_{j} = \frac{z_{j} - z_{0j}}{\Delta_{j}}$   $x_{1} = \frac{(z_{1} - 0)}{0.595}$   $x_{2} = \frac{(z_{2} - 1.25)}{0.446}$   $x_{3} = \frac{(z_{3} - 1.5)}{0.595}$

###### 

Quadratic rotating experimental design scheme.

  Factors No. of experiments   x~1~(z~1~)     x~2~(z~2~)   x~3~(z~3~)
  ---------------------------- -------------- ------------ -------------
  1                            1 (0.5946)     1 (1.696)    1 (2.0946)
  2                            1 (0.5946)     1 (1.696)    −1 (0.9054)
  3                            1 (0.5946)     −1 (0.804)   1 (2.0946)
  4                            1 (0.5946)     −1 (0.804)   −1 (0.9054)
  5                            −1 (−0.5946)   1 (1.696)    1 (2.0946)
  6                            −1 (−0.5946)   1 (1.696)    −1 (0.9054)
  7                            −1 (−0.5946)   −1 (0.804)   1 (2.0946)
  8                            −1 (−0.5946)   −1 (0.804)   −1 (0.9054)
  9                            −r (−1)        0 (1.25)     0 (1.5)
  10                           r (1)          0 (1.25)     0 (1.5)
  11                           0 (0)          −r (0.5)     0 (1.5)
  12                           0 (0)          r (2)        0 (1.5)
  13                           0 (0)          0 (1.25)     −r (0.5)
  14                           0 (0)          0 (1.25)     r (2.5)
  15                           0 (0)          0 (1.25)     0 (1.5)
  16                           0 (0)          0 (1.25)     0 (1.5)
  17                           0 (0)          0 (1.25)     0 (1.5)
  18                           0 (0)          0 (1.25)     0 (1.5)
  19                           0 (0)          0 (1.25)     0 (1.5)
  20                           0 (0)          0 (1.25)     0 (1.5)

###### 

The quadratic regression general rotation design parameter \[[@b21-medscimonit-26-e924236]\].

  p   *p~c~*=√*p*   *m~c~*=2*^p^*^\_^*^1^*   *m~r~*=2*p*   *m~0~*   N    λ~4~    K        -E       F        G
  --- ------------- ------------------------ ------------- -------- ---- ------- -------- -------- -------- --------
  2   1.414         4                        4             5        13   0.813   0.2000   0.1000   0.1438   0.0188
  3   1.732         8                        6             6        20   0.857   0.1663   0.0568   0.0684   0.0069
  4   2.000         16                       8             7        31   0.861   0.1428   0.0357   0.0350   0.0037

###### 

The calculation results of regression coefficients.

  No.          *x*~0~     *x*~1~(*z*~1~)   *x*~2~(*z*~2~)   *x*~3~(*z*~3~)   *x*~1~*x*~2~   *x*~1~*x*~3~   *x*~2~*x*~3~   $x_{1}^{2}$   $x_{2}^{2}$   $x_{3}^{2}$   *y~i~*
  ------------ ---------- ---------------- ---------------- ---------------- -------------- -------------- -------------- ------------- ------------- ------------- ----------
  1            1          1 (0.595)        1 (1.696)        1 (2.0946)       1              1              1              1             1             1             2.332
  2            1          1 (0.5946)       1 (1.696)        −1 (0.9054)      1              −1             −1             1             1             1             2.437
  3            1          1 (0.5946)       −1 (0.804)       1 (2.0946)       −1             1              −1             1             1             1             2.396
  4            1          1 (0.5946)       −1 (0.804)       −1 (0.9054)      −1             −1             1              1             1             1             2.448
  5            1          −1 (−0.5946)     1 (1.696)        1 (2.0946)       −1             −1             1              1             1             1             2.208
  6            1          −1 (−0.5946)     1 (1.696)        −1 (0.9054)      −1             1              −1             1             1             1             2.369
  7            1          −1 (−0.5946)     −1 (0.804)       1 (2.0946)       1              −1             −1             1             1             1             2.307
  8            1          −1 (−0.5946)     −1 (0.804)       −1 (0.9054)      1              1              1              1             1             1             2.418
  9            1          −1.6818 (−1)     0 (1.25)         0 (1.5)          0              0              0              2.8284        0             0             2.346
  10           1          r (1)            0 (1.25)         0 (1.5)          0              0              0              0             0             0             2.415
  11           1          0 (0)            −1.6818 (0.5)    0 (1.5)          0              0              0              0             2.8284        0             2.408
  12           1          0 (0)            1.6818 (2)       0 (1.5)          0              0              0              0             2.8284        0             2.348
  13           1          0 (0)            0 (1.25)         −1.6818 (0.5)    0              0              0              0             0             2.8284        2.443
  14           1          0 (0)            0 (1.25)         1.6818 (2.5)     0              0              0              0             0             2.8284        2.274
  15           1          0 (0)            0 (1.25)         0 (1.5)          0              0              0              0             0             0             2.396
  16           1          0 (0)            0 (1.25)         0 (1.5)          0              0              0              0             0             0             2.414
  17           1          0 (0)            0 (1.25)         0 (1.5)          0              0              0              0             0             0             2.359
  18           1          0 (0)            0 (1.25)         0 (1.5)          0              0              0              0             0             0             2.377
  19           1          0 (0)            0 (1.25)         0 (1.5)          0              0              0              0             0             0             2.432
  20           1          0 (0)            0 (1.25)         0 (1.5)          0              0              0              0             0             0             2.374
  *D~j~*       20         13.6569          13.6569          13.6569          8              8              8              15.9998       23.9997       23.9997       225.7753
  *B~j~*       47.501     0.4270442        −0.3239          −0.7132          0.073          0.115          −0.103         25.5504       32.3669       32.2566       
  *b~j~*       2.3922     0.0313           −0.0237          −0.0522          0.0091         0.0144         −0.00129       −0.4795       −0.0534       −0.0603       
  *b~j~B~j~*   113.6319   0.0134           0.0077           0.0372           0.0007         0.0017         0.0013         −12.2506      −1.7297       −1.9461       
  *t~j~*       252.4379   2.2200           1.6815           3.7036           0              0.0001         0.0001         0.0029        0.0003        0.0004        
  *a~j~*       0.001      0.1              0.2              0.02             --             --             --             --            --            --            
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